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M T- QMSBT3= OF TES REDUCTM OF 2, 3, 5-TRMlMM -
TflJ3.AZOL~mK ORT B! XUCRDORGANISS

B G3Nl Mo D37F3 T FAMUhIES

[Plolldng is a translation of an article "Oy A. Hirsoh,
C. Cattarso and M. iborlllni, of the C. Forlarani _-stj-
tUte of the IJ.P.S. Terouvlosis Clinic of the univer-
sity of Rome (Director: Prof. A. Coodeai Zor•ti), In the
Q*=M-an-anuari perlodical ;et---f arR~in h

s•taon a=e M. (Journal for ygiene of infectious
- 9 Vl =V.1958. pages 3_i5..366.]

The behavior oa a living creature towrd its eqevjrO nt is aba_•-
4ct~xSUe4 b its Metabolic oapabil ItUes and recfremqats in accordance
116-1 the xodern, . P-dOunAgntly f~ictiorAl soppOaoh of bi~ochemical ~Iow-
ledge in zimroblclofi. Tese zetabolic-.dssjx:Utoz. processes frm te
basis of the aoncerted or opposig action of cells and al stcse and
thOY ane, therafre, a"m the cause of pathological processes = thq
aeet a suitablo timro aud uwcrcor&=i=. Fra the pyvIcal-h-•ica1
point of view In this acneaotim it is alwqg a question oa an wahan.ge
of rna. In -Ad.6 the release of iene or electrons betwen cel and
Gnircmxnt is contrlled by its redox potential (at. 3aldin. aeila-ds.
StMWt). After pertianet statues in oar weaealty of Voojbaoterla bad
=nmitakably pamitted a d±fmentiaticen o the various epeoes and :
streins aoi the basis of their diffor•n redx po tiatl end bad led to a
2steoLtaiof-t~ost. classibatice In stfelne iV.% pezaritto or sayro-
Pb3ti hsterotimpb7 (!1rsb-Cattaneo (1)). we attuupted, in aqropriatt
additionAl purait of this prohian, to fIMd evatoal memos of difftwmt-
lain also in The narcy field of the biological xdiactiou procosses.
'?e obose these reactions, slnee thq are the basis of evw7 ift-prcess
aid t e ao **our natnnvl dpeedin on the redox potential of the
arates and am be neaw'ad in a ratiAvely simple nd aeaot manner. Tme
Great Fea to Kuba-Jere (C1941) W radag had reoomee to tetzao~iw
mIte, iddeb had alre&4 been kwmia I hodstq bw a lons tIne. tor
:eataftS physiaoioiea reductiom proessess. and for a• opened
the -sy to this diroto of resweah. These Mta s the m•UML ps-
diearity of haeiu a oolorless, wterless oldatio asubstance and 'a

stmz&V colored, insOl re ttim sbstace. fa= the ohoical pyolt



of V-..MI it is a question here of the £oaration. of red fo•"azan [=mable
to ii±m-Lfy in a-n of the stanhard .orks on icrobiolow') in -.Ahich 2, 3,
5-_t ,--Itetrazol~icb1or.d (C) ad. neotetrazoli=6 loride CaTp) cre
used rar-.ly as initial prodtcts (of. J•ador, Zattson-Jonsci-Dutcoher,
Smith). We chose TTC, because vith it, as with the other motetrao2li
swIts, reduction. oce•urs smoothly on one level, it•ile TAth ITC by-products
are £bumed that syparetly have a strongly toxic effect on certain cells
and also may affeot a qumanttative meas urvent (Burtaer-Balm-Longley).
It can also be established ftrm the basic reaction that these pzocessos
Icyp.d on the redox potatiala of the reduoiun system, that MTC does not
act as a redox indicator but rather as a simple hyd•-ogm acoeptor, since,
on the one h2nd, the for ation of.;Co=z&%&en is considered as irrevor.W-
ble fbr biological conditions, on the other hand, it is am-y a questio
of witiug with bydrogm in the reaction, vich comes from •_othar s;,s-
ter, at z certain point in the course of the complex ddydrog•eation pro-
cess, wnsequ•ntly of the metaoollo mipatio of by-oe, ,atually at
the level on ibi•oh it corresponds to the redox poteatial of TTC.

From the practical point of view, the reduction of the ttrazo1Si~
salts is, accordingly, to be imterpreted as the epression of a single,
altbou& essential, partial f&A-Jr of the disalmilatory metabolic capa-
bil.ties ol a cell or of a grovp of cells and is, t~herefbre, directly
loLked to the 2lio o! the col. or to the activated, specific wsynes pre-
s In it.. Ze various, md. at a superficial glance, contrad~ctory a-
pe•rIng opinions of uriters on the subject are ei1ained by the very, om-
pI= processes. Eorever, it is principally a question only ot difoera.oes
In interpretation, If the too rarotay limited initial points of view do
not a*e a more higay placed opinion Thosusbe. Ta part of the re-
seALvhers ee a"i the TTO reaoti.on the vital stainiug or the ewpression of
the viability and germinatv* ability of the aells; others, on the other
hand. take a oonuidmbly broader vieat. Inluding various metabolic pto-
ceases, stile swM others, In view of the to•xi effect of the tetrasol-
im salta or of the forasan that la produced, have reoourse to Irlibi-
tion vperimants.

Now, the pu.poee of the present stuy was, In frx*.er puresit of
the eremints thich toave bes pewfored (rsoeh-Cattineo (2. 3) with
the 7 of h~bRt MU for itroduag a TTC test Ior diff••t t-
latftg the v us • eeasma strafts an the basis of their Andametal
metabolic ditferenos, to conduct research an the ectent to Ahieh these
een.inats can be gweraUied., that is, mhether it is a question here of
a *=me= that Is germl&y vs2±d fIr hicrabrgnitms. 'basvefr, it
us prizaly neoesas- to sake certain mheter connectios betne the
TC reaction ad vixu.moe md the pathogbegtic apebblity of a allsin,
oloaao b aked to than oeneoima, ocuId be detected Jn oths; famlies.

?A after to have wte p test posilhe surveq of the entLre Bield
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0: .o. Prado '-=tl3' pat~hog.axic =!±oroorZ~anisms, Ye eirtwadod ou~r emrpw-
r:=.'t on the TWC reduction abilit, to a toal or 95 Iffareant, clas•s•ified
q-trr . -7ey 'aleng to 11 3fanmlies of ,.e class SchiZ.o vCetes ford=:
Pzpuao.n.dalcas, RLbactc•riales, .ctL-oi',oycetales) and Dor puzrposes of com-
Pion"- to o.ne 2iry of the class Daul-tron.-rcets (order: 2aosooraes,

hay come from the collection of the Istit~eto Sqperlor. di Smita (Grad-
"-te Sc.ool of Foalth), the Istitato di ic.obololia dhllUniveosita di
?-o-, ('Kicrdbilo•- nstitute of the tU.iversity of Rome) and the Itstitato
Ccxlo _brlznini (Carlo Forlacnni .3hstittte). 0ro.rthi took place on solid
or liquid culture xedia, oacording to the ardit4±on8 of the individu2l
s'rins, at a tenperature of 37'C. 7he enti-e list of the strains stud-
ied is In the tables, in i•ich the olassification of the bacteria is
made according to data from .Berg 3s -•mnual of Dotemrunativ, oL191,-
2Z (CB&tizore: Wil.lias 4 14ilkins, 193. -

hn order to maintair a basic lasight into !he raction readiuess
and the -perimmntal conditions to be used, ve performed appropriate

,ingrr ew.m.ersntg vith a series of different s3tains:

a. TTC %-as added to the cult•u• meia i a onc .tration of 5 mg.,10 m3., 23 mg. and• 30 Mag. per 100, then i.ocvuxtto vas mde-taket and
gro,:Ah was controlled;

b. several drops of a 0.02% TTC solution In a buffer solution
at pH 7.0 were put into the oultures already graving on a solid cultre
oedim and the reaction result was observed at room temperature afier 30,
60 and iB0 minutes;

c. a culte ==.Is., about 3 Mng-, take t.th a wire loop Lr a
culture on a 3olid nutrient uum, or from a !iq*id culture seofti after
citAIfugIng. was mied with the TTC solution mn a bollow al&ie and t.be
reaction coatinued as in b.

An the result of the. prelltinary =gperimcta, we v able to
estabi4ah Vhat the addition of TTC direotJ to the culturs nreim causes
a ver different lhtbitioo of powth from *train to tzrai, expeocally
vith cowntrtlnas of over 10 ug. per 100. Otherwis the reuction u
moetly positive with streans that were gowing Vwll. (k& the other hod,
tho addilAw of TTC x1iution to alread gpoung cultures, *Ather thi
%mee teIdkg lace cc solid nutrient uediua or on a bollow Lide, yielded
clear results due to the foimation of fomasua that was ooo•rrng I.tra,,-
oelluraz3y and that occurred to a fttfufnt depNee soordiag to the atna .

a.4ded to the cualture an te oia2tursXU or ii yjtrou - tm 4n%
znoveaee In conoantratim up to 0.05% of T10 produced a certain lateaA

fiatin of the rvaction result, without our detcting disturbing , ci-
dant&l pma-a.
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.Mter -,, i.ere able alread to detect a strong ded.decy of the
TLC reaction wa the .,,i in Mycobacteria, we also vorked 4th the pres•.t
sta-•ns in a broad pH riage. Eere a"so it -v•as basic that the reaction
becLe positive 6i that v- increase in the color intensity was found La
a strong alkaliae medim.

Our observations -rith respect to the o L al reaction end
therefo-e to the corre-stooding read-off time shb•red that in the strains
%ith a positive TTC reaotin a red coloration appears, setting-in mostly
after 10-13 mir-tes and iacreasing at room teoperature up to 60 minutes,
that tho, bowver, in the subsequet tne between 1-24 hours a sligAit
dam_.ming of the coloration was barely detectable uitbout a change In the
reaction r•avlt. FYmdameital changes no longer kpeared, moreover, after
oe bour L straits with a weaic positve or a negative TTC reaction.

Therefore, the following e=MrInt tehnique -ma created for per-
forming the definitive experiments: TTC Reagent: 0.05 g. of 2. 3, 5-4
tr€pha.teatraol uobzh Urds were dissoved in 100 al. cf K/30 buffer so-
lutUn (p1 2.8, 5.0, 7.0, 9.1, 12.3). The reazset is stable for 4bout
one meek then It is preserved In a coal, dark place. - Prolae
Three to four drops of TTC regent rare added directly to the groIng
cature on a solid culture mediua or ware wall oxed a &'bollov elide
wiitl about 5 mg. of bactaga substance. RftdiUgs Uee takE of the re.-
actia at room tavperatre after 60 zinutes, and are indicated as follm:
- - no coloration of the cell mass; pink titting; + - red coloring;
44 - pu= pl to violet coloring.

The find3ugs obtained In this my from the 95 different s'traius
used are entered eqeparate17 in the tables Cappaded at the =d., b7 mea
of *ahe a clear difference can be discovered In the resut of the TTG
reawt~m between the Individual gmeu. ubile v£ithin thm, md-h the or-

rptLon of the ginera Pseuduonas, Slebsiaela, 34oobecterwla ad Cdmida,
no aavkod difference ean be detected in the behavior of the strains. The
ealt of Ue TV reaction isov v, dap. d Ing on the PE value. Ier-

fbre, T•T in not reduced by any strab at pH 2.8 ad is reduced by &11
of th at pA 12.. The correct repge of st" lies, tkiartrs, betwso
pR 5 ,ud pH 9, ac*o1iag to our wqerimnce.

Pro the toealoeol point of vim, there is 41IM7 the tmdoentsae.
quexln ot the add~t of a Sn perf in hse or sailer

ue o ts. Us majori of the authors liteaW In the bIhlIo-
pwpbt at the aod used in their wor me that me rejected, bowevr, in
thi series of rates, In order to obtain a onicise ma'vq of the nstab-
cl@e o "poity i4th refepee to TTC, witbout Increasing the danger of

ivlaxg l~rweae to partU'~Aw strains. Our stto's prove, on the rie
hmn, that TIC redctim is amo possible vitbout the sdteln of a Ob-
stzate, v~dob **%IA be dmvstated perti&azl -za Sn. Yjcbsc t~aA (raft-.
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Catteicc (2)), and that no diffeemce c. be ascertained 5n th.e reactim-
-colti the pesmce of the c U-ture med±= in oorm2paz1.uon vith the c'.-

pcYziu.ts "in vitro". The qiesti., "3u:strate or no substrate", ciot
lw'ovcr be disposed of definitively. therefore, because it is entfrel7
cn.ccivable that precisely in the gamora. that let no posstbilityv of dif-
ferrettation be established on the o axsting condit=8 the addition of
a cpscifio ;bertse, that ocauses t.o activation of specific enzymms,
per•.•o the discover- of strain 6iffermncos. Therefore, it is clear that
this may onl be expeoted by using truly specific substrates, since the
mota'olic decomposition of the nonal subautces, hich oa= be used IV
=el. of tfhe strei±s, maymerdly lead to L f 'er asmilatior of the re-
suits a..Oosely coonectod wtit fths question is the question ot the de..
idecir of the TTC reaction on the pH, iah uramaly only affords Ge
pos•.5i.ity of a d&-eremtiation. It is nep2.aned, an the one hand, as
the comselquece of the close connection ot p. to all a.mzatie process-
as, wtether In relation to the activation of potantially pewsnt ansys,
or fbr the fermentatIon process itself, on the othekr hand, perhaps also
on the basis of differenoes in paeiablity.

It the results of our gbidiem are conparod with the data of other-
.riters, it is seen that there are eep-imnts on the TTG redacton ab•l-
5ty of coal Ine.lvidu strdat from the families of the Phe os caae
(A olw-ambach-Oolftap, Diansmi), of the 1termbactariaeae (ntopol-

alback-Goldnm, Dimn• ,i, Gagma-Xsna i, Qoor •iu-Alm Petroveu,
!uiilesn-Bhstszer, topper, Loderterg, Nrahu-± ttLwm--o1lm--JZ v,
rirt -u*odL-Svtfvh7 Stoip. ILmdt), of the Uusls

sr., Viag de 1.llo-3.1va), of •he l•.oooomcea (Mim-.
i, Oerpni-lamroinli. heor#Au-Alra Petrowven. Rudlseon-3altsr.

Sewag-obies, Vudt). oC the Laotcillaveoe (-ntopol-01auacb-Go ,man.
Bamas, Sudeon-itaeorr, WwAt), of the Corynabacteriaviae (Thibeut-
~Iftlsh, lA@dt) * of the Beeillsoeee.(Arntapol-Ceý aeh-olds, Oexpni-
hmai.•oli, GhoorgMu- lm? rotn&u, Euddlesom4.Itaer, 3or.S-temrberg),
of the I0cobacteriaceae (0r1a-X o8to-edo? aa (1, 2) *0t-

aabs 0a1ae th. ILrucb-cot-a (2. 3). Xmi. Kau-Tagim ,.
Wocbwegez&rarlsY-Mwt (1. 2). Tochwaser..bewt, NhoY~diviw.-Gotmt7-
Vilie, sepl4loch, Vinter*ei1dAUaok-Nb ), of the Nmriaoea. (Gar-
pul.-Iamoizi, Sorua-Stietnbeg) * of the T~mulops~iamee (lapi. Pammnh-
Levin..fra3o) uwd of the 0ae1a~eam~ Ipi). Mwe ase Do &ti on
Usidaeeriaoes oiinotmee sAd Strmtoametateas, *one w~rssita-.
tivee "m ealso 1inalded In our material. It tsimu1A be fix Uoemd'tb
•lt.e of th•s artieA for U to Veat to Po I•On tal O all VMoSe
wistals Utbhe it "eie pXopw to a~ke a coe~rimao not of the Indi;:
'idal reselts but rather of the attWpts at jats:-r1 tsoa or of tUe

DqaIaf g of the Usa B# an point of their e4u1M4t, ue: writeS
see the TTC rmeotio onl7 aed the point of Vim of & GIN0ie vital 0.1-
oret1m or In ooepzaro with comtng the pVNI4 WAM~OU . in•r,•s Of,
OW e &GInte T&VAIDe, ete., u M WWSG"m of Wi•bilW aMd
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Yýs.abil1iv. Authors Wiho are rore bioohamically oriented emphasize the
"po•4•iLt7i of drawing on the wsyimatically controlled production of
.oir-Oa, for studying metabolic processes that characts,-e te behavior
of the various microoraiusms. Various others, pximarily pure bacte'ri-
".loglists, stuied the toadc action of TTC gnd XTC on bacteria. oulturas
and. the discuss the core or less strong inhibitory effects that shou u..
In addition to these publications that baregy So bedrd the frauemoTr of

aewral observations, other mirters took a decisive step ahead by re-
s6rt•zg to the differences fbcad ix the ensyme family or in gru-th di-
twebanoes for the purpose of differentiation. Tus, on the bais of
th•.. diferent metabolia o i•p ltiesa ou cul-rae =sdia with the addi-
tion of TTC and enrlched with a great amo*t of oarbob'drate. lndividual
ste•enu of Streptococci (Bazzes), Salmonella end Ischerih ia, (Haddleaoa.-

altser, LederberS), Brucella (Huddleson-Baltzer, Thialp de 1ello-Slva),
Sigala 0,ederberg) and Cmndida (Pagano-Levin-Trejo) -Are, suocessafr1l
differentiated. It was also possible to accomplish a species and stmain
differmtiati in vitro or on cultnre media with the adition of TTC,
,based on the differmt deoree of forssan productioa (Hirach4attanso
(2. 3)). it vzx also deterained in these e•periments that the differ.
inoes foand In the TIC reduction ab:ilit7. either depweing an the p•
value of an the substrate used, make it possible to pass 3udpent on thm

sestIm, peaesits or sqaroI 7t& or pathogenlc or rot. ase 'eud alearly
Sbe dmo•antrated In Woobaoteria (]a;ke. Urash-Cattanso (2. 3)). in B, -

uIchsia" UsLmoneUa and 3higella (Ledarbe). as viell as it various
•, malnd5•aae b'auoe-l u-fre~o). Mme wbM.es that ere &I= conduted for
differmtIatlo* purposes an the growth nibiting efect of taaoeil
salts, sg vtieh ITC stands out pLrtiularl~y due to its toxic actlon,
panted a e atioe of a t eIsl nd Wim strains free other Mu-
bacteia streuns (Gastambide Ofter-Mith), the diffeW tIatL Of orUUe-
bacteria of the fM=hto&Ptruebthe.W=lV"b and the
pmeonl detmebetm that Ipw-poxit~ve bacteria a" =1 am-atTvS to

Umha puuweegative beetAr 4Qr iH~nMitIAI).

m ordew to toUnda en brAa an the mA a =aMKUI Of TIC
Teteati (or. KUieb-c-ttftmeo (2)). it Is a 4iaefto , &acu
of d• nftguae qateas, " wer tied In with the most PrtAtITve Alfe
poessee of cells (reqirablan. et). SAn t&Ioh tre is. Mitout oubt.,
a ort•ft dqpfetuq an e0onyspe 1 and 1 0kttM4n-JneWA-DUrcher, with)
a vael as an te Jawvo tedn portion of c7 xeMe C (Wu). Afo
acd dobydro, viase (Kim). pboboouerzo4drh7Ue ddzogMaa (rodl.-
ftft), inoInate dbdqtg'enaee W'ridine awleotidse dkd• go.ee .
0ftttms-JesanVetobr). herefbre. it aq be asamed that all .l1.•
have the - - was Wmese, at least $a the petatual stia. that
Ukadz aetuvatift. baevu. takes pie.. Wnr dWx dittferemt e0Ditims.

It the irets of wAr apermamta as onsidweed to be defInItIve.
thmn It wW be estbl ed. buse•lly. *at def•llte Liffteeee. t1 the

C re&ctL*n oq&ebUijW of the vgrius strains. detmve ed to be depe-
dot o the q1 vats, fbwo Ia these aperwaete, that vae p&er sd

-6-
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und.o pracis.ly the same cooditions -Athout using a substrate. a-Very
3- vatr-in - able to procdce ormaz In a more strongly alkaline ewviro--
-L-.t; 2•owver In neutral or acid •n•i•onmets only aoWrtn genera.'or
Sd-.Ti:al stradns accomp3lsed this. Tre last fact, preaiseay, ap-
pears to a3, therefore, to "ze rost daserving of mention, since it Ini-
CAtes t!ý. existwee of a zmw.s of diflferwftiation. It omi, therefore,
ae a3swed that in TTC reduction. it indeed is a question of a reaction
basicall.y possi.ble ýx all strsixis Ut. stronlgly depedent on the ezmr-1
r~t cot ditions, -ihc affords a coaclusion, o the metabolic proCesses
of t.o iadi lal strains or geera. F'ro 2he poirt of viei of the
olaus cation of ;ioroorgoiaw based cc ftu:s staining, or the one
the g-u-poitiv, strains 2mereJly also so. a positive TTC reaotion
at lo-: pH values, thile Vith smrs-negativ* strains this was on17 found
In certazi asprophytes; on the other "I'md, the twenicy vas also clear-
17 esa;bllshed Ui the former that sz ?royh~tic strains reduce TTC rore
strox1ly, ti~ioh sbcnr up most cle=3ly izn Nycobact..ria an~d Cni~xd5ae. Thidar
the er conditions, that ver to provide us vith the basis for co . Lr-
is-n In a preli-izury study, a clear differartlatio In parasitic a
Sap opVzyLic strains hoWs Up 11th cartainty only in these U-0 g.n-r;
it 3 3s lkely, however, that fu-ther xpstlamts performed with dif-
farit, specific substrates will also peoit a corr~epoxdliu differm-
tiati In strains of the other families. Zis difterentiation is based
on the differet metabolic processes In Indirect dependency a the rewdx
pot4atSal ot the wtins and it gives an Insugat Into the behavior of
aioroorolws sith regard to their savirawmt, that in, practically,
W4t the quast~c of parasite or s aprdpbyte A the 6oaiiratim of

phtbemetiO cepebilitios cloarsely connected vith It.

" Afer a pzyel••nay disculon of the prblm of the behavior of
a zimorsai- witb respect to its w.vi-met with retermee to its
digmltr Ooal rcs th-m~woort~we-q te U01ceLooal re-.

into toiMSu." 08ai~ueb 4 Pe roactm Palt 2
39-rinow eso oi T n9 differmt strave tuat eloa to 12 f•lioe of Aroorpam•sn. The 7TC test, perfazed vt*mu

the addittia of a s•wtmte. yilded a3se differecees in the T464t~io
sbilt of thp •a•ious wtaas, * vere wabd to d4pm4 c the pt val-
Ue a . = d tined tOat 7&V rediati= appeari to be GOM .OW
witt the dahldngWAw -io ----- me- Y~re, vith the fundaswital
lire r oesse of the ce l ,a reaction that ism PosAble It
all trAinMs *t We that is YU7 dsWAnt On the

OLAAM6~1 dum
5AIn eAk. 368ft z4 these raeaw eh r Ita teoiem kerl7.ar
that a diffuontiatlL of the erauins of tie oner rwi.Os vui als be
posible %w as oef e priSat.e mpertamte using qeeII W&e Uetrs . .,

-?-;
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It depepds on the differnt =mtabolic processem 4nd gives s. insilt In-
to the behavior of the miaoxorgonis -rth respeot to its miviro~ t and
iuto "the prob.lem of parasite or aqyrophyte ma,. therefore. luto the path-Soganstic potet4alitesa.

h1-TMPK, W., MLAACH, S. and 001DYMM., L., 3fect of a New Tetaolim
Derivative on isane. Bacteria and Oion Poot Tips," u . _. R.

I, J., TMU(O, I., UKXW4OTO, S. and ThARSI, 1., (1), "The Tt.-
rssoU±-Rsuo~n& Aotiosm of 300. 1. Jtmw~namatl Unienits on the
:..",.s.m•nt• of the Reawtia,." ba. i. Ta - . l95, p M22.

--- ----- (2), wThe Tet-aual5m-3ftaicbnt Actiom of B30.
Ml flelatima bettimew Tatraaoliva-leftning lotion and VIA Ilt~y of theBacll., ja- .36, 21" L -954, p 278.

B=M.W L. Dm~ Ana to 21 hma~ Secd edition. Cm~ridge!
Cuabridge thilversity Prss, 1952.

E.WI, 3., 'Tstrazolim R.1iictio= as a Mausa of DiftmUstiang StrqV-tooo~m , ta wa s ft- u rv o w c , f", im • 1. g m. a wtu ..

]U, A. an WT 3, J., *Rtewto of m Isolated D&NOmgmaee 2hilae
wA 1navopwat.af cm the Ratai at trh~ttoal CLo ","
hum 1953.. p 40.

o g, I., R,, L, pL(X9Z, J. *"-. Me ot1ti a Q ttiom
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